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Abstract 
Taurine (2-aminoethanesulfonic acid) is an amino acid–like compound widely distributed in animals 
and an essential nutrient in some species. Targeted metabolomics of marine and freshwater microal-
gae combined with medium supplementation identified biosynthetic pathway intermediates and 
necessary catalytic activities. Genomic analysis was then used to predict the first taurine biosynthetic 
pathway in these organisms. MRM-based electrospray ionization (ESI) LC–MS/MS analysis demon-
strated that taurine is synthesized using a carbon backbone from L-serine combined with sulfur derived 
from sulfate. Metabolite analysis showed a nonuniform pattern in levels of pathway intermediates 
that were both species and supplement dependent. While increased culture salinity raised taurine 
levels modestly in marine alga, taurine levels were strongly induced in a freshwater species impli-
cating taurine as an organic osmolyte. Conservation of the synthetic pathway in algae and metazoans 
together with a pattern of intermittent distribution in other lineages suggests that it arose early in 
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eukaryotic evolution. Elevated levels of cell-associated taurine in algae could offer a new and biore-
newable source of this unusual bioactive compound. 
 
Keywords: targeted metabolomics, microalgae, taurine, bioinformatics, osmolytes 
 
1. Introduction 
 
Taurine, 2 aminoethanesulfonic acid, is a unique sulfur-containing free amino acid because 
it does not form peptide bonds with other amino acids. Consequently, taurine can be an 
abundant small molecule in animal blood and tissues [1–3]. There are multiple biosynthetic 
pathways for taurine synthesis in animals (Fig. 1). Some species utilize cysteine and/or 
methionine to synthesize taurine referred to here as the CDO/CSAD pathway [1–3]. In this 
pathway, cysteine is first oxidized to cysteine sulfinic acid by cysteine dioxygenase (CDO) 
[4] that is then decarboxylated to form hypotaurine by cysteine sulfinic acid decarboxylase 
(CSAD) or glutamate decarboxylase (GAD) [5]. Hypotaurine undergoes oxidation to form 
taurine in what is thought to be a spontaneous process as no enzymes have been reported 
that catalyze this reaction [1,3]. A second animal pathway referred to here as the Serine/ 
Sulfate pathway, occurs in chick livers and developing chick embryos and is instead repressed 
by cysteine [6]. This pathway utilizes inorganic sulfate to form sulfonate-2-aminocrylate 
followed by cysteate in a reaction coupled to the conversion of adenosine-3′-phosphate-5′-
phosphosulfate (PAPS) to adenosine-3′,5′-diphosphate (PAP). Cysteate is then decarbox-
ylated to form taurine [7]. Bacterial taurine synthesis remains unclear though exogenous 
cysteine sulfinic acid supplementation enables accumulation of intracellular taurine indi-
cating the presence of a CSAD homolog [8]. In many bacteria, taurine catabolism involves 
deamination of taurine to sulfoacetaldehyde followed by desulfonation producing acetyl-
phosphate and sulfite [9]. Finally, acetyl-phosphate is either assimilated via the Krebs cycle 
or converted to acetate via substrate level phosphorylation [9]. Plants and fungi are cur-
rently not known to synthesize taurine, however a growth stimulatory response has been 
reported for plants [10]. 
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Figure 1. Taurine metabolism in various biological systems (CDO = cysteine dioxygenase, 
CSAD = cysteine sulfinic acid decarboxylase, GAD = glutamate decarboxylase, TDH = 
taurine dehydrogenase, Xsc = sulfoacetaldehyde acetyltransferase, Ack = acetate kinase, 
Pta = phosphotransacetylase, ATP-sulfurylase = ATP:sulfate adenylyltransferase, APS 
kinase = adenylyl-sulfate kinase, PAPS-AS = 3′-phosphoadenylyl sulfate:2-aminoacrylate 
C-sulfotransferase). The CDO/CSAD pathway is found in animals [1–5]; the Serine/Sulfate 
pathway is found in developing chick embryos [6], chick liver [7], and microalgae (present 
study); the XDH/Xsc pathway is found in bacteria [8,9]. 
 
In contrast to animals, plants, and bacteria, algal taurine metabolism is understudied. 
The presence of taurine has been confirmed in selected dinoflagellates, prasinophytes, 
rhodophytes, and diatoms but not in prymnesiophytes or chlorophytes [11–14]. However 
in most cases taurine identification was based purely on migration with standards during 
HPLC and not more on definitive and sensitive methods such as mass spectrometry. Anal-
ysis of heterotrophic dinoflagellates suggests that taurine can be correlated with chloro-
phyll a [15,16] in some as yet unknown manner. However, the metabolic pathway(s) 
resulting in taurine formation in algae has not been reported. In the present study, algal 
species were selected based on the following criteria: (i) prior reports regarding production 
of taurine by the species; (ii) the availability of a genome sequence; and (iii) the potential 
applications of the algal species. Here a combination of metabolomics combined with chem-
ical supplementation and genomic analyses enabled the identification of the first taurine 
biosynthetic pathway in algae. These results may encourage the use of algae as a biological 
source of taurine. 
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2. Materials and methods 
 
2.1. Microalgae strains and culturing 
Chlamydomonas reinhardtii CC124 (laboratory collection), Tetraselmis sp. (PLY 429, Reed 
Mariculture Inc., USA), and Ostreococcus tauri (RCC 745, Roscoff Culture Collection, 
France) were used for experimental studies, and were grown in TAP [17], f/2 modified [18], 
or K medium [19], respectively. All cultures were grown in 25 mL of their respective media 
in 125 mL shake flasks. The conditions were maintained at 25°C under continuous illumi-
nation (light intensity ~50 μmol photons m−2 s−1) and agitation (180 rpm). The growth 
curves were prepared by plotting respective OD550 values with time. All the experiments 
were performed under aseptic conditions in triplicate. Samples were taken for dry weight 
analysis and centrifuged at 12,000 × g for 15 min. Pellets were dried in a SpeedVac (Savant, 
USA) and then used for dry weight analysis. 
 
2.2. Sulfur compound or serine supplementation 
Ten different sulfur compounds were investigated for their effect on growth physiology 
and taurine levels in O. tauri. These compounds were chemical grade quality purchased 
from Sigma-Aldrich, USA. The stock solutions of filter sterilized sulfur compounds were 
aseptically added to sterile K-medium at 6 mM final concentration. 
 
2.3. Salinity effect 
Sea salt (Sigma-Aldrich, USA) consisted of: chloride (19.29 g/L), sodium (10.78 g/L), sulfate 
(2.66 g/L), potassium (420 mg/L), calcium (400 mg/L), bicarbonate (200 mg/L), strontium 
(8.8 mg/L), boron (5.6 mg/L), and bromide (56 mg/L). TAP (freshwater algal medium) con-
tained 0% sea salts, whereas f/2 modified media (marine microalgal medium) had 1.6% 
(w/v) sea salts (both of these media were used as controls). The sea salts were added in 
1.6% (w/v) increments to the salts present in the respective media. All solutions were au-
toclaved prior to use. Cell pellets were stored at −20°C until taurine analysis was per-
formed. 
 
2.4. Extraction of intracellular amino acids 
Total intracellular amino acid pools were extracted from selected microalgae grown in 
their respective media. The cells were centrifuged at 12,000 × g and then suspended in 1 
mL HPLC grade water (VWR). Samples were sonicated five successive times for 30 s fol-
lowed each time by a 30 s interval on ice. Sonicated samples were then incubated at 65°C 
for 1 h and then centrifuged at 15,600 × g at 4°C for 20 min. The supernatant was then used 
for LC–MS/MS analysis. All algal samples were processed in triplicate. 
 
2.5. Amino acid analysis using LC–MS/MS 
Sulfur containing amino acids and related compounds was quantified from algal extracts 
with a Shimadzu UFLC-XR (Shiamadzu Scientific Instruments, Inc., Columbia, MD) and 
an AB SCIEX Q-Trap 4000 LC–MS/MS (AB SCIEX, Framingham, MA) electron spray ioni-
zation detector. Isocratic chromatographic separations were achieved within 8 min using 
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a Zorbax Eclipse plus 3.5 μm, 150 × 4.6 mm reverse phase C18 column (Agilent Technolo-
gies, Santa Clara, CA) and a 10 mM aqueous ammonium acetate solution (pH 9.3) [20] at a 
constant flow rate of 0.3 mL min−1 and 40°C column temperature. The column was washed 
for 2 min with methanol between sample runs and allowed to reequilibrate for 3 min prior 
to the next injection to remove photosynthetic pigments. Taurine, hypotaurine, cysteic 
acid, methionine, cysteine, and norvaline were analyzed in positive ionization mode. Cys-
teine sulfinic acid was analyzed in negative mode (SI_01 Figs. S1–S9). Multiple reaction 
monitoring (MRM) was used to obtain peak areas. Optimal depolarization potentials, col-
lision energies, precursor and product ions were obtained experimentally through direct 
MS infusion experiments (Table 1), and the respective values for standard cysteine, taurine, 
norvaline, and methionine corresponded with published values [21]. MRM peak areas 
were compared with calibration graphs of known standard concentrations measured be-
fore and after each run. Quantities were extrapolated using norvaline to calculate the in-
ternal response factor of amino acids during sample processing. 
 
Table 1. Results of optimal multiple reaction monitoring (MRM), depolarization 
potentials (DP), collision energies (CE), precursor and product ions (transition) 
empirically derived from MS infusion experiments (CYS: cysteine; CSA: cysteine 
sulfinic acid; CA: cysteic acid; HYP: hypotaurine; TAU: taurine; NVA: norvaline). 
 MRM transition DP CE 
HPT 110 > 92 10 18 
NVA 118 > 72 10 18 
CYS 122 > 76 15 20 
TAU 126 > 108 15 8 
MET 150 > 104 10 14 
CA 170 > 124 50 5 
CSA 172 > 155 −100 –20 
 
2.6. Bioinformatic analysis 
A phylogenetic tree was constructed using 18s rRNA sequences of microalgae obtained 
from various taxonomic divisions available in the NCBI database. Sequence alignments 
and phylogenetic analysis were performed using the neighbor-joining method imple-
mented in MEGA 6.0 software [22] with 1000 bootstrap replicates. The Domain Enhanced 
Lookup Time Accelerated BLAST (DELTA-BLAST, NCBI) [23] was used to identify en-
zymes involved in all possible taurine biosynthetic pathways in known microalgal genome 
sequences using respective conserved domains as query sequences (SI_01 Tables S1–S12). 
 
3. Results 
 
3.1. Effect of sulfur supplementation 
As taurine is a sulfonic acid, it seemed plausible that taurine abundance might be influ-
enced by sulfur supplementation. Ten sulfur compounds were therefore tested at a con-
centration of 6 mM as algal medium supplements using the genome sequenced marina 
alga and chlorophyte, O. tauri (Fig. 2a). Growth was unaffected by methionine, sodium 
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thiosulfate, sodium sulfite, sodium sulfate, or elemental sulfur but inhibited by potassium 
tetrathionate or sodium sulfide. In contrast, the addition of sodium metabisulfite, cysteine, 
or cysteine and methionine in combination had cytotoxic effects as culture absorbance val-
ues decreased during incubation (Fig. 2a). LC–MS/MS-based metabolic profiling was per-
formed on samples from cultures where growth was normal in the presence of added 
sulfur compounds to identify their respective intracellular taurine levels. Taurine was ev-
ident in the untreated control (0.5 mg/g-DW) demonstrating chlorophytes can synthesize 
this compound, while the addition of methionine, sodium thiosulfate, sodium sulfite, and 
elemental sulfur did not alter basal levels. However, upon supplementation with sodium 
sulfate, levels of taurine increased three-fold to 1.5 mg/g-DW (Fig. 2b). This indicates that 
sodium sulfate addition had a positive effect on taurine biosynthesis in this organism. Fur-
ther, a linear relationship was observed between taurine production in O. tauri and sodium 
sulfate supplementation in K-medium with an R2 = 0.968 (Fig. 2c). The intercept represents 
the amount of taurine produced when the cells are not supplemented with additional sul-
fate and was calculated to be 0.597mg/g-DW, consistent with the control. This positive lin-
ear correlation suggests that the initial concentration of sulfate has a direct influence on 
taurine production in O. tauri. 
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Figure 2. Effect of various sulfur compounds on the growth and taurine concentration in 
Ostreococcus tauri: (a) growth curve of O. tauri grown in K medium supplemented with 
various sulfur compounds, (b) taurine concentration of O. tauri grown in various sulfur 
compounds, (c) taurine levels in O. tauri grown in various concentration of sodium sul-
fate. 
 
3.2. Effect of increased salinity 
As taurine was evident in O. tauri, it seemed reasonable to examine other chlorophytes for 
this compound. Since prior studies have demonstrated that the exogenous addition of tau-
rine to growth media improves salt tolerance in algae [24,25] suggesting some interplay in 
osmoregulation, the effect of salinity on sulfur-containing intracellular amino acids, taurine 
and its precursor, hypotaurine was examined. Both freshwater (C. reinhardtii) and marine 
(Tetraselmis sp.) microalgae were grown to high cell density (OD550 of 1.2) and resuspended 
in their respective media with sea salt exceeding the control media concentrations by 1.6%. 
Table 2 lists the changes in sulfur amino acids in both microalgae. Taurine levels increased 
in response to elevated salinity in both species. Taurine in C. reinhardtii increased from 
< 0.01 μg/g-DW to 150.7 ± 8.89 μg/g-DW, whereas in Tetraselmis sp. taurine increased from 
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687.0 ± 140.1 μg/g-DW to 1635.3 ± 332.6 μg/g-DW (2.4 fold increase). These data indicated 
that taurine synthesis was highly inducible in freshwater algae and was largely constitu-
tive in marine algae, consistent with the hypothesis that this compound is involved in os-
moregulation. 
 
Table 2. Free intracellular amino acid pool analysis by targeted metabolomics using LC–MS/MS of freshwater (Chlamydomonas 
renhardtii) and marine microalgae (Tetraselmis sp.) supplemented with sulfur compounds, serine, or sea salts (MET: methionine; 
CYS: cysteine; CSA: cysteine sulfinic acid; CA: cysteic acid; HYP: hypotaurine; TAU: taurine). 
Chlamydomonas reinhardtii  Tetraselmis sp. 
Supplementation in TAP medium  Supplementation in f/2 medium 
Free amino 
acid conc. 
(μg/g-DW) 
Control 
(0% salt) 
Na2SO4 
(6 mM) 
Serine 
(6 mM) 
Salt 
(increased 
by 1.6%) 
 
Control 
(1.6% salt) 
Na2SO4 
(6 mM) 
Serine 
(6 mM) 
Salt 
(increased by 
1.6%) 
MET 3.5 ± 0.25 8.0 ± 0.10 68.0 ± 3.14 1.50 ± 0.27  6.87 ± 3.01 89.9 ± 3.51 130.0 ± 6.53 18.7 ± 10.4 
CYS 1.19 ± 0.14 16.7 ± 0.84 82.1 ± 4.92 0.19 ± 0.12  12.0 ± 1.4 7.3 ± 0.34 7.5 ± 0.33 0.44 ± 0.21 
CSA 0.14 ± 0.01 4.4 ± 0.11 4.6 ± 0.18 0.51 ± 0.09  2.5 ± 0.65 4.4 ± 0.22 6.6 ± 0.27 1.99 ± 0.96 
CA 0.15 ± 0.03 2.6 ± 0.02 30.7 ± 0.91 1.65 ± 0.42  6.8 ± 2.01 31.6 ± 1.58 45.2 ± 3.16 34.6 ± 5.42 
HYP < 0.01 1.9 ± 0.05 0.33 ± 0.01 0.06 ± 0.02  0.25 ± 0.03 1.5 ± 0.19 1.2 ± 0.04 0.22 ± 0.10 
TAU < 0.01 127.0 ± 6.35 155.0 ± 10.86 150.7 ± 8.89  687.0 ± 140.1 1480.0 ± 141.3 1280.0 ± 192.4 1635.3 ± 332.6 
 
3.3. Bioinformatic analysis 
Based on the metabolic and physiologic findings that taurine did indeed occur in algae 
thought previously not to synthesize this compound, a comprehensive examination of al-
gal genomes was conducted for the possible taurine synthetic pathways. A neighbor join-
ing phylogenetic tree was constructed using 18s rRNA sequences of algae from different 
taxonomic classes using MEGA 6.0 software [22] with bootstrap values of 1000 replicates. 
Algae used for building the phylogenetic tree had either sequenced genomes or showed 
the presence of taurine (based on empirically determined results or literature values). Bio-
informatic analysis by domain based protein search used DELTA-BLAST [23] was per-
formed with enzyme sequences associated with CDO/CSAD [26], Serine/Sulfate taurine 
biosynthetic pathways and TDH/Xsc taurine catabolism (Fig. 1). In addition, an examina-
tion of plant, fungi, human, and chicken genomes was included. In microalgal genomes of 
C. reinhardtii, Coccomyxa subellipsoidea, O. tauri, Thalassiosira pseudonana, Aureococcus anoph-
agefferens, Bigelowiella natans, Chlorella variabilis, Cyanidioschyzon merolae, Fragilariopsis cylin-
drus, Guillardia theta, Micromonas pusilla, Phaeodactylum tricornutum, Pseudo-nitzschia 
multiseries, and Volvox carteri (SI_01 Tables S1–S12) bioinformatic analysis showed that ho-
mologous enzymes involved in the CDO/CSAD biosynthetic pathway or TDH/Xsc (bacte-
ria) taurine catabolism were absent. However, in all of the microalgae tested homologous 
sequences were present for all enzymes of the Serine/Sulfate pathway with the exceptions 
of F. cylindrus and P. multiseries where none of the enzymes were apparent. A summary of 
the bioinformatic analysis is presented (Fig. 3) and suggests broad though not complete 
conversation of the “Serine/Sulfate” pathway in microalgae. Additional analysis of 60 
higher plant genomes indicated variable distribution of the Serine/Sulfate pathway with 
only one third of species containing all necessary genes (SI_02). In contrast, analysis of 102 
fungal genomes indicated the complete absence of the Serine/Sulfate pathway (SI_02). 
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Figure 3. Phylogenetic tree and presence/absence of various enzymes involved in taurine 
pathway using domain based bioinformatics analysis (18s rRNA phylogenetic tree of al-
gae. The tree was constructed using MEGA 6.0. The bootstrap values were based on 1000 
replicates. Mus musculus, Homo sapiens, and Gallus gallus were used as an out-group. Boot-
strap values greater than 50% are shown). 
 
3.4. Confirmation of the Serine/Sulfate pathway 
The presence of the Serine/Sulfate pathway in selected algal species was tested using cells 
that were grown in media supplemented with either sulfate, serine, or cysteine and methionine 
combined, and pathway intermediates were quantified using multiple reaction monitoring 
(MRM) LC–MS/MS (Table 2, SI_01 Figs. S1.1–S1.9). Sulfate supplementation increased cys-
teic acid levels in C. reinhardtii by 22.7 fold and 4.6 fold in Tetraselmis sp. PLY429. Taurine 
quantities also increased in C. reinhardtii from below the limit of detection (< 0.01 μg/g-DW) 
to 127.0 ± 6.35 μg/g-DW. In contrast, levels increased only 2.2 fold in Tetraselmis sp. PLY429 
above initial concentrations. Serine addition had similar stimulatory effects in C. reinhardtii 
as cysteic acid levels increased 60-fold while taurine increased over 1000-fold. When Tetra-
selmis sp. PLY429 was provided with exogenous serine both cysteic acid and taurine levels 
increased but modestly and comparably to sulfate addition at 6.6 and 1.9 fold, respectively. 
In addition, serine and sulfate supplementation increased cysteine sulfinic acid and hypotau-
rine pools (intermediates in CDO/CSAD pathway) in C. reinhardtii, whereas in Tetraselmis sp. 
PLY429 these pools were unaffected. Since the effect of serine and sulfate supplementation 
on cysteine, methionine, cysteine sulfinic acid, and hypotaurine pools (CDO/CSAD path-
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way) was variable across tested species there is a lack of conservation in associated meta-
bolic pathways. In contrast, serine and sulfate addition consistently increased cysteic acid 
and taurine levels (Serine/Sulfate pathway), supporting the hypothesis that the Serine/Sul-
fate pathway is conserved in these algal lineages. 
 
4. Discussion 
 
An MRM-based electrospray ionization (ESI) LC–MS/MS method was developed for the 
detection of taurine, hypotaurine, and taurine pathway intermediates (i.e., cysteic acid and 
cysteine sulfinic acid) in microalgae. Combined with physiologic manipulations including 
nutrient supplementation and osmotic challenge together with bioinformatic analysis, the 
Serine/Sulfate taurine biosynthetic pathway was identified as a broadly conserved feature 
of the algal lineage. The MRM method does not require metabolite alteration and is there-
fore advantageous compared to more traditional HPLC-detection methods which nor-
mally require ortho-phthaldialdehyde derivatization [14–16, 27–29]. Analytical methods 
utilizing NMR spectroscopy [30] or electrochemical detection (ECD) LC–MS/MS [31] have 
also been reported but lack the sensitivity required for measuring taurine biosynthetic 
pathway intermediates at the trace quantities evident in this work. The use of the ESI-LC–
MS/MS method enabled a metabolite-based determination of the presence of specific path-
ways and complemented the use of bioinformatic analyses. 
The CDO/CSAD pathway is thought to be the taurine biosynthetic pathway in animals 
and involves cysteine dioxygenase (CDO) and cysteine sulfinate decarboxylase (CSAD)/ 
glutamate decarboxylase (GAD) that convert cysteine to taurine [1–3]. In contrast, the Serine/ 
Sulfate pathway was first reported using certain developmental stages of chickens [6,7] 
and involves the PAPS (adenosine-3′-phosphate-5′-phosphosulfate) pathway to convert 
sulfate to cysteate and then to taurine. In this pathway, taurine is produced as a result of 
the use of sulfur from sulfate in the carbon backbone of L-serine. Based on the bioinfor-
matic studies reported here, the Serine/Sulfate pathway is also present in animals including 
humans, mice and chickens and therefore may represent a previously under recognized 
route for taurine production in these organisms. 
In plants and algae, sulfur assimilation is chloroplast-associated where photosynthetic 
reductant and ATP reduce sulfur compounds (such as sulfate) for biosynthesis of sulfur-
containing amino acids like methionine and cysteine [32,33]. Since taurine contains sulfur, 
the effect of sulfur supplementation on taurine synthesis was investigated. O. tauri, marine 
microalgae, was used for the study of effects of various sulfur compounds on growth and 
taurine synthesis because it is a broadly distributed marine species [34,35] that might en-
counter environments containing high sulfur compounds. For example, the presence of 
large amounts of hypotaurine and thiotaurine (a derivative of taurine, which serves as an 
organic osmolyte) has been shown in invertebrates growing in sulfide rich environments 
near hydrothermal vents and cold seeps of the deep oceans [36]. O. tauri tolerated five of 
ten sulfur compounds but only one of them, sulfate increased taurine levels. In addition, 
similar results were obtained with fresh and marine algal species indicating conservation 
of this response. 
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Since taurine levels increased in response to osmotic stress in both marine and freshwa-
ter algal species, taurine appears to function as an organic osmolyte in these organisms. 
The external addition of taurine in hypersaline conditions has been shown to improve mi-
croalgae growth [24]. However, in these studies, the amount of intracellular amino acids 
was not investigated. Taurine has been reported to have a role as an organic osmolyte in 
diatoms, animals, and mammals [25,37]. Therefore, based on the results presented here, 
taurine production during high saline conditions may be a result of salt stress and acting 
as an osmolyte confer protection on both freshwater and marine algae. 
Sulfate and serine supplementation in C. reinhardtii improved the levels of intermediates 
of both CDO/CSAD and Serine/Sulfate pathways. This indicated that either or both path-
ways might be present in these freshwater microalgae. In the marine microalgae, Tetra-
selmis sp., both sulfate and serine supplementation increased the levels of methionine, 
cysteic acid (Serine/Sulfate pathway intermediate), and taurine. However, the levels of cys-
teine (precursor of CDO/CSAD pathway), cysteine sulfinic acid, and hypotaurine (inter-
mediates of CDO/CSAD pathway) did not change. Genomic analyses clarified these results 
by identifying genes sufficient for the “Serine/Sulfate” pathway but not those for alterna-
tive routes of taurine synthesis or catabolism. 
 
5. Conclusion 
 
Taurine has been reported in a broad range of algal species. Here, LC–MS/MS-based me-
tabolite profiling combined with bioinformatic analysis was performed on selected fresh-
water and marine algal species to determine the identity of the taurine biosynthetic 
pathway. Specific nutrient supplementation showed a direct involvement of serine and 
sulfate in taurine synthesis. The data were consistent with the presence of the “Serine/ 
Sulfate pathway” and the exclusion of alternate taurine biosynthetic pathways and indi-
cated that taurine likely functions as an osmolyte in these organisms. 
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Supporting Information 
 
S1. This section presents the chromatograms for sulfur containing amino acids and taurine 
pathway intermediates run in optimized LC conditions coupled with both positive and negative 
electrospray ionization.  
 
S1.1. Standards 
a) 
 
b) 
 
Figure S1.1. LC-MS/MS analysis of standard solution of undervitized sulfur containing amino 
acids and intermediates in (a) positive ion mode: CA – Cysteic acid, TAU – Taurine, HPO – 
Hypotaurine, CYS –Cysteine, NVA – Norvaline, MET – Methionine, (b) Negative ion mode: 
cysteine sulfinic acid (CSA). 
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S1.2. Ostreococcus tauri (grown in K-medium supplemented with sodium sulfate) 
a) 
 
b) 
 
Figure S1.2. LC-MS/MS analysis of undervitized free amino acid pool from Ostreococcus tauri 
grown in sulfate (100 mM) in (a) positive ion mode: CA – Cysteic acid, TAU – Taurine, HPO – 
Hypotaurine, CYS –Cysteine, NVA – Norvaline, MET – Methionine, (b) Negative ion mode: 
cysteine sulfinic acid (CSA). 
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S1.3. Chlamydomonas reinhardtii (Control – grown in TAP medium) 
a) 
 
b) 
 
Figure S1.3. LC-MS/MS analysis of undervitized free amino acid pool from Chlamydomonas 
reinhardtii grown in TAP media as control in (a) positive ion mode: CA – Cysteic acid, TAU – 
Taurine, HPO – Hypotaurine, CYS –Cysteine, NVA – Norvaline, MET – Methionine, (b) 
Negative ion mode: cysteine sulfinic acid (CSA). 
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S1.4. Chlamydomonas reinhardtii (Serine supplementation) 
a) 
 
b) 
 
Figure S1.4. LC-MS/MS analysis of undervitized free amino acid pool from Chlamydomonas 
reinhardtii grown in TAP media supplemented with 6 mM serine in (a) positive ion mode: CA – 
Cysteic acid, TAU – Taurine, HPO – Hypotaurine, CYS –Cysteine, NVA – Norvaline, MET – 
Methionine, (b) Negative ion mode: cysteine sulfinic acid (CSA). 
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S1.5. Chlamydomonas reinhardtii (Sulfate supplementation) 
a) 
 
b) 
 
Figure S1.5. LC-MS/MS analysis of undervitized free amino acid pool from Chlamydomonas 
reinhardtii grown in TAP media supplemented with 6 mM sulfate in (a) positive ion mode: CA – 
Cysteic acid, TAU – Taurine, HPO – Hypotaurine, CYS –Cysteine, NVA – Norvaline, MET – 
Methionine, (b) Negative ion mode: cysteine sulfinic acid (CSA). 
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S1.6. Tetraselmis sp. (Control – grown in f/2 media) 
a) 
 
b) 
 
Figure S1.6. LC-MS/MS analysis of undervitized free amino acid pool from Tetraselmis sp. 
grown in f/2 media as control in (a) positive ion mode: CA – Cysteic acid, TAU – Taurine, HPO 
– Hypotaurine, CYS –Cysteine, NVA – Norvaline, MET – Methionine, (b) Negative ion mode: 
cysteine sulfinic acid (CSA). 
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S1.7. Tetraselmis sp. (Serine) 
a) 
 
b) 
 
Figure S1.7. LC-MS/MS analysis of undervitized free amino acid pool from Tetraselmis sp. 
grown in f/2 media supplemented with 6 mM serine in (a) positive ion mode: CA – Cysteic acid, 
TAU – Taurine, HPO – Hypotaurine, CYS –Cysteine, NVA – Norvaline, MET – Methionine, (b) 
Negative ion mode: cysteine sulfinic acid (CSA). 
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S1.8. Tetraselmis sp. (Sulfate supplementation) 
a) 
 
b) 
 
Figure S1.8. LC-MS/MS analysis of undervitized free amino acid pool from Tetraselmis sp. 
grown in f/2 media supplemented with 6 mM sulfate in (a) positive ion mode: CA – Cysteic acid, 
TAU – Taurine, HPO – Hypotaurine, CYS –Cysteine, NVA – Norvaline, MET – Methionine, (b) 
Negative ion mode: cysteine sulfinic acid (CSA). 
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S1.9. Tetraselmis sp. (Cysteine + Methionine supplementation) 
a) 
 
b) 
 
Figure S1.9. LC-MS/MS analysis of undervitized free amino acid pool from Tetraselmis sp. 
grown in f/2 media supplemented with 6 mM each cysteine and methionine in (a) positive ion 
mode: CA – Cysteic acid, TAU – Taurine, HPO – Hypotaurine, CYS –Cysteine, NVA – 
Norvaline, MET – Methionine, (b) Negative ion mode: cysteine sulfinic acid (CSA). 
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S2. This section shows detailed Domain Enhanced Lookup Time Accelerated BLAST (DELTA-
BLAST, NCBI) analysis to identified key enzymes involved in algal taurine biosynthesis. 
 
Table S1. Cysteine dioxygenase (Cyprinus carpio – Accession: BAE73112) 
HP – Hypothetical Protein 
N – No significant hits 
Y – Significant hits 
 
  
Organisms Tax id Result Max score Total score  Query cover E value Max iden. 
Aureococcus anophagefferens 44056 HP 105 105 69% 2e-28 34% 
Bigelowiella natans 227086 N - - - - - 
Coccomyxa subellipsoidea  574566 HP 38.1 38.1 45% 7.00E-04 16% 
Chlorella variabilis 554065 HP 94.7 94.7 63% 1.00E-23 27% 
Chlamydomonas  reinhardtii 3055 Y 95.1 95.1 85% 1.00E-23 26% 
Ostreococcus tauri 70448 N - - - - - 
Cyanidioschyzon merolae 45157 N - - - - - 
Thalassiosira pseudonana 35128 N - - - - - 
Fragilariopsis cylindrus 186039 N - - - - - 
Guillardia theta 905079 HP 84.7 84.7 83% 2e-19 26% 
Micromonas pusilla 564608 N - - - - - 
Phaeodactylum tricornutum 2850 N - - - - - 
Pseudo-nitzschia multiseries 37319 N - - - - - 
Dictyostelium discoideum 44689 Y 103 103 83% 7.00E-30 29% 
Volvox carteri 3067 Y 84.7 84.7 79% 8.00E-20 25% 
Galdieria  sulphuraria  130081 N - - - - - 
Homo sapiens 9606 Y 261 261 100% 4.00E-87 76% 
Mus musculus 10090 Y 256 256 100% 2.00E-85 77% 
Gallus gallus 9031 Y 243 243 99% 2.00E-80 73% 
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Table S2. Cysteine sulfinic acid decarboxylase (Cyprinus carpio – Accession: BAE73113) 
AAD – Aromatic aminoacid decarboxylase 
GD – Glutamate decarboxylase 
GSA - Glutamate 1-semialdehyde 2,1-aminomutase 
HD – Histidine decarboxylase 
N – No significant hits 
PDC – Pyridoxal dependent decarboxylase 
SD – Serine decarboxylase  
Y – Significant hits 
 
  
Organisms Taxid Result Max score Total score  Query cover E value Max iden. 
Aureococcus anophagefferens 44056 HP 172 172 40% 2e-50 41% 
Bigelowiella natans 227086 GSA 41.2 41.2 60% 2e-05 12% 
Coccomyxa subellipsoidea  574566 AAD 373 373 89% 3.00E-123 22% 
Chlorella variabilis 554065 HP 246 246 85% 2.00E-76 15% 
Chlamydomonas  reinhardtii 3055 AAD 296 296 86% 4.00E-94 22% 
Ostreococcus tauri 70448 GD 305 305 76% 1.00E-98 42% 
Cyanidioschyzon merolae 45157 GD 251 251 89% 3.00E-76 16% 
Thalassiosira pseudonana 35128 HD 283 283 68% 2.00E-90 38% 
Fragilariopsis cylindrus 186039 N - - - - - 
Guillardia theta 905079 HP 369 369 97% 4e-121 39% 
Micromonas pusilla 564608 PDC 334 334 87% 1e-103 42% 
Phaeodactylum tricornutum 2850 HP 219 219 79% 3e-66 19% 
Pseudo-nitzschia multiseries 37319 N - - - - - 
Dictyostelium discoideum 44689 GD 254 254 86% 2.00E-77 17% 
Volvox carteri 3067 SD 199 199 76% 7.00E-58 16% 
Galdieria  sulphuraria  130081 GD 258 258 88% 1.00E-79 14% 
Homo sapiens 9606 Y 501 501 94% 3.00E-172 65% 
Mus musculus 10090 Y 496 496 94% 2.00E-173 64% 
Gallus gallus 9031 Y 489 489 97% 3.00E-168 65% 
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Table S3. Cysteamine dioxygenase (Galdieria sulphuraria – Accession: XP_005707183) 
 
HP – Hypothetical protein 
N – No significant hit 
Y – Significant hit 
  
Organisms Taxid Result Max score Total score  Query cover E value Max iden. 
Aureococcus anophagefferens 44056 HP 129 129 56% 5e-37 34% 
Bigelowiella natans 227086 N  -  -  - -  -  
Coccomyxa subellipsoidea  574566 HP 152 152 53% 5.00E-47 32% 
Chlorella variabilis 554065 HP 167 167 72% 5.00E-50 30% 
Chlamydomonas  reinhardtii 3055 N  -  -  - -  -  
Ostreococcus tauri 70448 HP 155 155 69% 6.00E-47 24% 
Cyanidioschyzon merolae 45157 HP 108 108 68% 2.00E-28 30% 
Thalassiosira pseudonana 35128 N  -  -  - -  -  
Fragilariopsis cylindrus 186039 N  -  -  - -  -  
Guillardia theta 905079 HP 155 155 89% 7e-46 27% 
Micromonas pusilla 564608 HP 153 153 73% 6e-45 27% 
Phaeodactylum tricornutum 2850 HP 137 137 74% 1e-38 22% 
Pseudo-nitzschia multiseries 37319 N  -  -  - -  -  
Dictyostelium discoideum 44689 HP 145 145 68% 2.00E-42 25% 
Volvox carteri 3067 HP 136 136 97% 9.00E-39 21% 
Galdieria  sulphuraria  130081 Y 311 311 100% 9.00E-108 100% 
Homo sapiens 9606 Y 184 184 88% 4.00E-56 23% 
Mus musculus 10090 Y 182 182 73% 1.00E-55 23% 
Gallus gallus 9031 N - - - - - 
 13 
Table S4. Taurine dioxygenase (Bradyrhizobium sp. STM 3843 – Accession: WP_008971131) 
 
HP – Hypothetical protein 
N – No significant hit 
Y – Significant hit 
  
Organisms Taxid Result Max score Total score  Query cover E value Max iden. 
Aureococcus anophagefferens 44056 HP 202 202 91% 4e-63 33% 
Bigelowiella natans 227086 N -  -  -  -  -  
Coccomyxa subellipsoidea  574566 HP 117 117 89% 9.00E-31 18% 
Chlorella variabilis 554065 HP 110 110 92% 3.00E-28 20% 
Chlamydomonas  reinhardtii 3055 HP 64.7 64.7 67% 2.00E-12 11% 
Ostreococcus tauri 70448 HP 65.5 65.5 87% 7.00E-13 13% 
Cyanidioschyzon merolae 45157 N -  -  -  -  -  
Thalassiosira pseudonana 35128 HP 62.4 62.4 80% 1.00E-11 10% 
Fragilariopsis cylindrus 186039 N -  -  -  -  -  
Guillardia theta 905079 HP 125 125 84% 2e-32 13% 
Micromonas pusilla 564608 HP 146 146 81% 4e-41 20% 
Phaeodactylum tricornutum 2850 HP 155 155 91% 2e-44 23% 
Pseudo-nitzschia multiseries 37319 N -  -  -  -  -  
Dictyostelium discoideum 44689 N -  -  -  -  -  
Volvox carteri 3067 HP 62 62 64% 2.00E-11 12% 
Galdieria  sulphuraria  130081 HP 58.5 58.5 76% 1.00E-10 10% 
Homo sapiens 9606 HP 80.5 80.5 80% 1.00E-16 9% 
Mus musculus 10090 HP 80.5 80.5 80% 7.00E-17 10% 
Gallus gallus 9031 N - - - - - 
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Table S5. Taurine dehydrogenase (Synorhizobium meliloti SM11 – Accession: AEH83463) 
 
HP – Hypothetical protein 
HGD – 2-Hydroxylglutarate dehydrogenase isoform 1 
PD - Phytoene dehydrogenase 
N – No significant hit 
Y – Significant hit 
  
Organisms Taxid Result Max score Total score  Query cover E value Max iden. 
Aureococcus anophagefferens 44056 HP 178 178 82% 2e-48 13%  
Bigelowiella natans 227086 PD 50.8 77.0 22% 2e-08 36% 
Coccomyxa subellipsoidea  574566 HP 157 157 82% 2.00E-42 20% 
Chlorella variabilis 554065 HP 134 134 77% 4.00E-35 17% 
Chlamydomonas  reinhardtii 3055 HP 117 117 83% 1.00E-28 15% 
Ostreococcus tauri 70448 HP 89.4 89.4 76% 7.00E-20 12% 
Cyanidioschyzon merolae 45157 HP 144 144 77% 3.00E-37 14% 
Thalassiosira pseudonana 35128 HP 173 173 78% 5.00E-51 16% 
Fragilariopsis cylindrus 186039 N - - - - - 
Guillardia theta 905079 HP 172 172 77% 3e-46 14% 
Micromonas pusilla 564608 HP 107 107 80% 2e-25 16% 
Phaeodactylum tricornutum 2850 HP 193 193 83% 1e-53 16% 
Pseudo-nitzschia multiseries 37319 N - - - - - 
Dictyostelium discoideum 44689 HP 128 128 80% 1.00E-32 14% 
Volvox carteri 3067 HP 154 154 85% 7.00E-41 19% 
Galdieria  sulphuraria  130081 HGD 160 160 79% 3.00E-45 14% 
Homo sapiens 9606 HP 206 206 87% 4.00E-57 16% 
Mus musculus 10090 HP 202 202 80% 6.00E-56 17% 
Gallus gallus 9031 HP 208 208 92% 1.00E-58 16% 
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Table S6. Sulfoacetaldehyde acetyltransferase (Desulfarculus baarsii – Accession: 
WP_013260015) 
AAS – Acetolacetate synthase  
AHS – Acetohydoxyacid synthase  
HAL – 2- Hydoxyacyl – CoA lyase 1 
HP – Hypothetical Protein 
N – No significant hit 
  
Organisms Taxid Result Max score Total score  Query cover E value Max iden. 
Aureococcus anophagefferens 44056 AAS 599 628 97% 0.0 25% 
Bigelowiella natans 227086 N - - - - - 
Coccomyxa subellipsoidea  574566 AAS 561 561 95% 0.00E+00 25% 
Chlorella variabilis 554065 HP 565 565 95% 0 23% 
Chlamydomonas  reinhardtii 3055 AAS 553 553 95% 0.00E+00 23% 
Ostreococcus tauri 70448 AAS 574 574 95% 0.00E+00 24% 
Cyanidioschyzon merolae 45157 AHS 556 556 95% 0.00E+00 25% 
Thalassiosira pseudonana 35128 HP 280 451 93% 1.00E-83 24% 
Fragilariopsis cylindrus 186039 N - - - - - 
Guillardia theta 905079 HP 154 154 89% 3e-40 16% 
Micromonas pusilla 564608 HP 540 540 95% 0.0 22% 
Phaeodactylum tricornutum 2850 HP 54.3 54.3 25% 3e-08 16% 
Pseudo-nitzschia multiseries 37319 N - - - - - 
Dictyostelium discoideum 44689 HP 381 381 94% 2.00E-124 21% 
Volvox carteri 3067 HP 557 557 95% 0.00E+00 24% 
Galdieria  sulphuraria  130081 AAS 626 626 95% 0.00E+00 25% 
Homo sapiens 9606 HP 454 454 94% 8.00E-152 25% 
Mus musculus 10090 HAL 456 456 95% 3.00E-152 23% 
Gallus gallus 9031 HAL 466 466 95% 5.00E-157 22% 
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Table S7. Taurine-pyruvate aminotransferase (Marinomonas posidonica – Accession: 
WP_013796546) 
 
AOAT – Acetylornithine aminotransferase 
GSA - Glutamate 1-semialdehyde 2,1-aminomutase 
HP – Hypothetical protein 
OAT – Ornithine aminotransferase 
N – No significant hit 
  
Organisms Taxid Result Max score Total score  Query cover E value Max iden. 
Aureococcus anophagefferens 44056 HP 522 522 96% 0.0 36% 
Bigelowiella natans 227086 GSA 313 313 91% 4e-102 20% 
Coccomyxa subellipsoidea  574566 AOAT 451 451 96% 2.00E-155 26% 
Chlorella variabilis 554065 HP 444 444 97% 2.00E-152 25% 
Chlamydomonas  reinhardtii 3055 AOAT 426 426 97% 3.00E-145 23% 
Ostreococcus tauri 70448 AOAT 372 372 89% 2.00E-125 27% 
Cyanidioschyzon merolae 45157 AOAT 444 444 92% 2.00E-152 27% 
Thalassiosira pseudonana 35128 AOAT 427 427 96% 6.00E-146 25% 
Fragilariopsis cylindrus 186039 N - - - - - 
Guillardia theta 905079 AOAT 409 409 96% 3e-138 26% 
Micromonas pusilla 564608 GSA 300 300 91% 3e-96 19% 
Phaeodactylum tricornutum 2850 AOAT 412 412 90% 2e-139 25% 
Pseudo-nitzschia multiseries 37319 N - - - - - 
Dictyostelium discoideum 44689 AOAT 446 446 98% 2.00E-153 27% 
Volvox carteri 3067 AOAT 429 429 96% 3.00E-146 24% 
Galdieria  sulphuraria  130081 AOAT 426 426 90% 4.00E-145 28% 
Homo sapiens 9606 HP 441 441 96% 9.00E-151 26% 
Mus musculus 10090 HP 441 441 95% 2.00E-150 27% 
Gallus gallus 9031 OAT 451 451 95% 7.00E-155 27% 
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Table S8. 3'-phosphoadenylyl sulfate: 2-aminoacrylate C-sulfotransferase (Arabidopsis 
thaliana – NP_178471.1) 
 
HP – Hypothetical protein 
N – No significant hit 
Y – Significant hit 
  
Organisms Taxid Result Max score Total score  Query cover E value Max iden. 
Aureococcus anophagefferens 44056 HP 193 193 81% 4e-59 26% 
Bigelowiella natans 227086 N - - - - - 
Coccomyxa subellipsoidea  574566 HP 32.2 32.2 47% 0.095 8% 
Chlorella variabilis 554065 HP 112 112 77% 1.00E-28 19% 
Chlamydomonas  reinhardtii 3055 Y 77.4 77.4 77% 2.00E-16 16% 
Ostreococcus tauri 70448 Y 84.7 84.7 79% 3.00E-19 17% 
Cyanidioschyzon merolae 45157 HP 34.3 34.3 54% 0.021 9% 
Thalassiosira pseudonana 35128 Y 90.9 90.9 81%  3.00E-21 25% 
Dictyostelium discoideum 44689 HP  58.2 58.2 79% 2.00E-9 16% 
Fragilariopsis cylindrus 186039 N - - - - - 
Guillardia theta 905079 HP 155 155 80% 7e-44 24% 
Micromonas pusilla 564608 HP 154 154 76% 5e-44 21% 
Phaeodactylum tricornutum 2850 HP 124 124 79% 1e-32 22% 
Pseudo-nitzschia multiseries 37319 N - - - - - 
Volvox carteri 3067 HP 46.6 46.6 40% 9.00E-6 12% 
Galdieria  sulphuraria  130081 HPl 30.8 30.8 64% 0.29 10% 
Homo sapiens 9606 Y 305 305 81% 4.00E-101 27% 
Mus musculus 10090 Y 305 305 81% 3.00E-104 28% 
Gallus gallus 9031 Y 293 293 81% 5.00E-97 28% 
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Table S9. Sulfate adenyltransferase (Porphyra purpurea – Accession: AAP97122) 
 
HP – Hypothetical protein 
P - Predicted 
Y – Significant hit 
  
Organisms Taxid Result Max score Total score  Query cover E value Max iden. 
Aureococcus anophagefferens 44056 HP 402 402 94% 3e-132 25% 
Bigelowiella natans 227086 N - - - - - 
Coccomyxa subellipsoidea  574566 Y 441 441 96% 5.00E-153 25% 
Chlorella variabilis 554065 HP 410 410 97% 5.00E-140 25% 
Chlamydomonas  reinhardtii 3055 Y 451 451 96% 1.00E-155 25% 
Ostreococcus tauri 70448 Y 409 409 96% 2.00E-140 26% 
Cyanidioschyzon merolae 45157 Y 399 399 97% 6.00E-136 57% 
Thalassiosira pseudonana 35128 Y 310 310 93% 6.00E-96 22% 
Fragilariopsis cylindrus 186039 N - - - - - 
Guillardia theta 905079 HP 404 404 97% 3e-138 25% 
Micromonas pusilla 564608 HP 422 422 96% 3e-145 27% 
Phaeodactylum tricornutum 2850 HP 427 427 96% 3e-147 26% 
Pseudo-nitzschia multiseries 37319 N - - - - - 
Dictyostelium discoideum 44689 Y 477 477 98% 5.00E-164 26% 
Volvox carteri 3067 HP 451 451 97% 2.00E-156 25% 
Galdieria  sulphuraria  130081 Y 389 389 97% 5.00E-131 21% 
Homo sapiens 9606 Y 432 432 96% 5.00E-145 23% 
Mus musculus 10090 Y 432 432 96% 2.00E-148 22% 
Gallus gallus 9031 P 442 442 95% 2.00E-148 22% 
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Table S10. Adenylylsulfate kinase (Chlamydomonas reinhardtii – Accession: BAF46286) 
 
HP – Hypothetical protein 
P – Predicted protein 
Y – Significant hit 
  
Organisms Taxid Result Max score Total score  Query cover E value Max iden. 
Aureococcus anophagefferens 44056 HP 216 216 77% 4e-70 44% 
Bigelowiella natans 227086 N - - - - - 
Coccomyxa subellipsoidea  574566 Y 244 244 88% 9.00E-81 62% 
Chlorella variabilis 554065 HP 325 325 89% 5.00E-112 62% 
Chlamydomonas  reinhardtii 3055 Y 360 360 100% 6.00E-126 100% 
Ostreococcus tauri 70448 Y 244 244 91% 8.00E-81 65% 
Cyanidioschyzon merolae 45157 Y 234 234 82% 6.00E-78 50% 
Thalassiosira pseudonana 35128 Y 237 237 81% 4.00E-78 49% 
Fragilariopsis cylindrus 186039 N - - - - - 
Guillardia theta 905079 HP 254 254 70% 4e-84 56% 
Micromonas pusilla 564608 HP 297 297 91% 5e-101 65% 
Phaeodactylum tricornutum 2850 HP 210 210 72% 2e-62 47% 
Pseudo-nitzschia multiseries 37319 N - - - - - 
Dictyostelium discoideum 44689 Y 186 186 73% 2.00E-54 44% 
Volvox carteri 3067 Y 57.8 57.8 44% 7.00E-10 22% 
Galdieria  sulphuraria  130081 Y 93.6 93.6 46% 4.00E-24 41% 
Homo sapiens 9606 Y 222 222 82% 8.00E-67 44% 
Mus musculus 10090 Y 227 227 87% 1.00E-68 44% 
Gallus gallus 9031 P 239 239 82% 9.00E-74 45% 
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Table S11. Serine dehydratase (Mus musculus – Accession: EDL19770) 
 
Y – Significant hit 
  
Organisms Taxid Result Max score Total score  Query cover E value Max iden. 
Aureococcus anophagefferens 44056 HP 298 298 95% 3e-96 27% 
Bigelowiella natans 227086 N - - - - - 
Coccomyxa subellipsoidea  574566 Y 232 232 95% 3.00E-73 26% 
Chlorella variabilis 554065 HP 280 280 96% 7.00E-91 24% 
Chlamydomonas  reinhardtii 3055 Y 229 229 94% 6.00E-72 27% 
Ostreococcus tauri 70448 Y 221 221 94% 3.00E-67 20% 
Cyanidioschyzon merolae 45157 Y 188 188 97% 5.00E-57 35% 
Thalassiosira pseudonana 35128 Y 246 246 94% 8.00E-79 22% 
Fragilariopsis cylindrus 186039 N - - - - - 
Guillardia theta 905079 HP 354 354 96% 8e-118 30% 
Micromonas pusilla 564608 HP 285 285 98% 2e-91 28% 
Phaeodactylum tricornutum 2850 HP 253 253 96% 7e-80 28% 
Pseudo-nitzschia multiseries 37319 N - - - - - 
Dictyostelium discoideum 44689 Y 249 249 96% 9.00E-80 40% 
Volvox carteri 3067 Y 231 231 93% 7.00E-73 25% 
Galdieria  sulphuraria  130081 Y 333 333 94% 2.00E-109 29% 
Homo sapiens 9606 Y 293 293 98% 1.00E-94 71% 
Mus musculus 10090 Y 392 392 99% 4.00E-135 100% 
Gallus gallus 9031 Y 231 231 96% 2.00E-72 51% 
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Table S12. Glutamate decarboxylase (Ostreococcus tauri – Accession: XP_003075194) 
 
AAD – Aromatic-aminoacid decarboxylase 
GSA - Glutamate 1-semialdehyde 2,1-aminomutase 
HP – Hypothetical protein 
PDD – Pyridoxal dependent decarboxylase  
Y – Significant hit 
 
Organisms Taxid Result Max score Total score  Query cover E value Max iden. 
Aureococcus anophagefferens 44056 HP 174 174 84% 1e-49 18% 
Bigelowiella natans 227086 GSA 44.7 44.7 56% 9e-07 14% 
Coccomyxa subellipsoidea  574566 Y 254 254 98% 3.00E-79 16% 
Chlorella variabilis 554065 HP 235 235 94% 2.00E-71 14% 
Chlamydomonas  reinhardtii 3055 AAD 244 244 93% 2.00E-75 25% 
Ostreococcus tauri 70448 Y 450 450 100% 8.00E-157 100% 
Cyanidioschyzon merolae 45157 Y 204 204 99% 2.00E-59 29% 
Thalassiosira pseudonana 35128 HP 247 247 80% 6.00E-78 36% 
Fragilariopsis cylindrus 186039 N - - - - - 
Guillardia theta 905079 HP 295 295 99% 8e-94 35% 
Micromonas pusilla 564608 PDD 358 358 100% 3e-114 64% 
Phaeodactylum tricornutum 2850 HP 204 204 78% 2e-61 22% 
Pseudo-nitzschia multiseries 37319 N - - - - - 
Dictyostelium discoideum 44689 Y 248 248 96% 6.00E-77 16% 
Volvox carteri 3067 HP 184 184 77% 1.00E-52 23% 
Galdieria  sulphuraria  130081 Y 240 240 98% 4.00E-74 16% 
Homo sapiens 9606 Y 383 383 100% 1.00E-126 42% 
Mus musculus 10090 Y 380 380 100% 1.00E-128 42% 
Gallus gallus 9031 Y 377 377 100% 1.00E-124 41% 
